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and an electrical interconnection pad layout formed on a first side of the sub-
strate. The electrical interconnection pad layout may include a tirst row of in-
, terconnect pads including at least one interconnect pad. Each interconnect pad

( of the first row of interconnect pads may be electrically coupled to one of a first
' set of vias. The electrical interconnection pad layout may also include a second
row of interconnection pads including at least one interconnect pad. Each inter-
connect pad of the second row of interconnect pads being electrically coupled
to one of a second set of vias. The second set of vias electrically coupled to
the second row of interconnect pads are offset relative to an alignment of the
interconnect pads of the first and second rows.
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CASSETTES WITH OFFSET VIAS

BACKGROUND

16001] An “assay run’ is an investigative or analytic event used in, for
example, laboratory medicine, pharmacology, analytical chemistry,
environmental biology, or molecular biology, for qualitatively assessing or
guantitatively measuring the presence, amount, or the functional activity of a
sample. The sample may be a drug, a genomic sample, a proteomic sample, a
biochemical substance, a call in an organism, an organic sample, or other
inorganic and organic chemical samples. An assay run may measure an
intensive property of the sample and express it in the relevant measurement unit
such as, for example, molarity, density, functional activity in enzyme
international units, degree of some effect in comparison 1o a standard, among
other measurable characteristics. An assay may involve reacting a sample with
a number of reagents, and may be classified as an instance of an assay
procedure conforming to an assay protocol. An assay protocol may involve a
set of reagent and/or sample fluids being dispensed in specific amounts to a
number of assay reaction sites such as wells within a well plate. Further, an
assay protocol may include additional processing such as mixing, separation,
heating or cooling, incubation, and eventually at least one read-out. The
reproducibility and run-to-run comparability of an assay depends on the

reproduction of its protocol.
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BRIEF DESCRIPTION OF THE DRAWINGS

100602] The accompanying drawings illustrate various examples of the
principles described herein and are a part of the specification. The Hliustrated
examples are given merely for illustration, and do not limit the scope of the
claims.

[0003] Fig. 1 is a front, perspective view of a first volume cassetie,
according to one example of the principles described herein.

160041 Fig. 2 is a back, perspective view of the first velume cassette of
Fig. 1, according to one exampile of the principles described herein.

[0005] Fig. 3 is a front, perspective view of a second volume cassetie,
according to one example of the principies described herein.

10006} Fig. 4 1s a back, perspeclive view of the second volume cassette
of Fig. 3, according to one example of the principles described herein.

160071 Fig. 5 is a front, plan view of the first volume cassette of Fig. 1,
according to one example of the principies described herein.

10008} Fig. 6 1s a front, plan view of the first volume cassetie of Fig. 1 as
viewed in circle A of Fig. 5, according to one example of the principles described
herein.

[0009] Fig. 7 is a back, plan view of the first volume cassetie of Fig. 1,
according to one example of the principles described herein.

160101 Fig. 8 is a back, plan view of the first volume cassette of Fig. 1 as
viewead in circle B of Fig. 7, according to one example of the principles described
herein.

0011} Fig. 9 is a perspective view of the first volume cassette of Fig. 1
interfaced with a printed circuit assembly (PCA) of a cassette interface of an
assay fluid dispenser driver, according to one exampile of the principles
described herein,

0012] Fig. 10 is a front plan view of a cassetie including a plurality of
dispense head assemblies, according to one example of the principles

described herein
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[6013] Fig. 11 is a block diagram of a system for gjecting a Tluid into an
assay, according to one example of the principles described herein.

0014} Fig. 12 is a block diagram of a sysiem for ejecting a fluid into an
assay, according to ancther example of the principles described herein.
[6015] Fig. 13 is a flow chart depicting a method of forming a cassetig,
according to another example of the principles described herein.

100186} Throughout the drawings, identical reference numbers designate

similar, but not necessarily identical, elements.

DETAILED DESCRIPTION

10017} Some assay fluid dispensing systems may automatically dispense
assay fluids such as, for example, samples and reagents, in a precise,
controlied fashion into multiple reaction sites called wells within a well plate in a
short time. A carefully formulated mixture of several reagents, including a target
species of interest, may be carefully formulated at multiple reaction sites for the
testing of a set of test sample reagents at multiple concentrations. This allows
many reactions to proceed contemporaneously. The automation reduces user
gffort and user-caused variability, while the concurrency further reduces the time
to complete a complex assay.

0018} An assay fluid dispensing system dispense at least one assay fluid
such as an analyte or a reagent to the wells in paralle! or in series, and may
employ a fluid-dispenser driver that uses interchangeable cassettes. These
cassettes may contain assay fluids within a number of reservoirs, and may be
controlled so that they deposit the assay fluids into the wells of the well plate.
The well plate including a reaction medium may be moved relative to the
cassetlle so that an assay fluid may be ejected by a number of fluid gjection dies
at different wells of the wall plate. The well plate may be, for example, a
microtiter plate in which an array of reaction wells is defined. Further, in one
example, the assay fluid dispensing system may dispense the at least one
assay fluid onto a tissue sample, a chip with integrated microfluidics, or a glass

slide.
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[6019] Multi-channel casseties may be used so that multiple fiuids may
be dispensed contemporaneously. For example, mulliple samples may be
deposited within respective wells of the well plate in paraliel or in serial in order
to reduce the time in titrating a plurality of samples within the wells. As used in
the present specification and in the appended claims, the term “cassette” is
meant to be understood broadly as any user-replaceable component of an
assay fluid dispenser system, through which at least one fluid flow through at
least one fluid channel before being dispensed from the assay fluid dispensing
system.

10020} {One example of a muiti-channel fluid-dispenser cassette may be,
for example, a T-8 cassette for use with the HP® D300 Digital Dispenser. In
this example, the channels are nominally identical, as is appropriaie, for
example, when titrating a set of samples with similar fluid properties. However,
many assay protocols may call for the use of different assay fluids with very
different fluid properties or handling protocols. For example, some assay fluids
are more viscous than others. Further, some assay fluids may be dispensed in
large volumes in order to take effect. Still other assay fluids such as, for
example, potent samples, may be dispensed in small, precisely controlled
amounts in order to taka effect. In still another example, some assay fluids may
be dispensed at specific conditions such as in the presence of conduit coatings
and temperature controls to take effect. Moreover, many assay protocols may
stipulate the exact sequence and timing of the fluid handling and other non-
dispensing steps, such as mixing or reading.

00211 Thus, a number of casseties may be used within the assay fluid
dispenser system to achieve a wide variety of different reactions. In allowing a
user o replace the casseties may result in user error in properly aligning a
number of electrical contacts on the interchangeable cassettes with a number of
glectrical contacts of the fluid-dispenser driver. Further, allowing a user to
replace the casseties may result in damage to the electrical contacts on the
interchangeable casseties such that the integrity of the cassettes may be

compromised.
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16022} Examples described herein provide a casseite. The cassette may
include a substrate, a die coupled o the substrate, and an eleclrical
interconnection pad layout formed on a first side of the substrate. The elecirical
interconnection pad layout may include a first row of interconnect pads inciuding
at least one interconnect pad. Each inferconnect pad of the first row of
interconneact pads may be electrically coupled to one of a first set of vias. The
electrical interconnection pad layout may also include a second row of
interconnection pads including at least one interconnect pad. Each interconnect
pad of the second row of interconnect pads being electrically coupled to one of
a second set of vias. The second set of vias electrically coupled to the second
row of interconnect pads are offset relative to an alignment of the interconnect
pads of the first and second rows.

10023} In the examples herein, the cassette may further include a number
of electrical traces formed on a second side of the substrate. The first and
second sets of vias electrically couple the electrnical interconnection pad layout
to the elecirical iraces. The offsetl of the second set of vias electrically coupled
to the second row of interconnect pads creates an offset of the electrical traces
formed on a second side of the substrate. Further, in the examples herein, at
least one of the interconnect pads of the first row of interconnect pads may
include a contact seat defined therein. The contact seat aliows for the seating
of a pogo connection. Further, in the examples herein, at least one of the
interconnect pads of the second row of interconnect pads may include a fire
interconneact pad.

[0024] Examples described herein further provide a system for gjecting a
fluid into an assay. The system may include a printed circuit assembly (PCA).
The PCA may include at least one pogoe connector, and at least one dispense
head. The at least one dispense head may include a substrate, a die coupled to
the substrate, and an electrical interconnection pad layout formed on a first side
of the substrate. The electrical interconnection pad layout may include a first
row of interconnect pads including at least one interconnect pad. Each
interconnect pad of the first row of interconnect pads may be electrically coupled

to one of a first set of vias. The electrical interconneaction pad layout may
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include a second row of interconnect pads comprising at least one interconnect
pad. Each interconnect pad of the second row of interconnect pads may be
electrically coupled to one of a second set of vias. The second set of vias
glectrically coupled to the second row of interconnect pads are offset relative {o
an alignment of the interconnect pads of the first and second rows.

10025} in the examples herein, at least one of the interconnect pads of
the second row of interconnect pads may include a fire interconnect pad.
Further, in one example, at least one of the interconnect pads of the first row of
interconnect pads may include a contact seat defined therein. The contact seat
allows for the seating of at least one of the pogo connectors therein when the at
least one dispense head interfaces with the PCA.

10026} In the examples herein, the first row of interconnect pads may
include at least a ground interconnect pad, a source voltage interconnect pad,
and a thermal sense resistor (TSR) interconnect pad. Further, in one example,
the second row of interconnect pads may include at least a fire interconnect
pad, a clock interconnect pad, and a data interconnect pad. The PCA interfaces
with the electrical interconnection pad layout of the at least one dispense head
by sliding the at least one pogo connector over the second row of interconnect
pads and electrically coupling the at least one pogo connactor {0 at least one
interconnect pad of the first row of interconnect pads. The PCA interfaces with
the electrical interconnection pad layout of the at least one dispense head by
dropping the at least one pogo connector onto at least one interconnect pad in
the first or second rows of interconnect pads in a direction perpendicular to a
plane formed by the electrical interconnection pad layout.

0027} Examples described herein further provide a method of forming a
cassette. The method may include forming a monolithic substrate. An electrical
interconneaction pad layout may be formed on a first side of the monolithic
substrate. The electrical interconnection pad layout may be formed (biock
1302) by forming a first row of interconnect pads including at least one
interconnect pad, where each interconnect pad of the first row of interconnect
pads being electrically coupled to one of a first set of vias. Further, the slectrical

interconnaction pad layout may be formed by forming a second row of
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interconnection pads including at least one interconnect pad, where gach
interconnact pad of the second row of interconnect pads is electrically coupled
to one of a second set of vias. Further, the elecirical interconnection pad layout
may be formed by offsetting the second set of vias electrically coupling to the
second row of interconnect pads relative 1o an alignment of the interconnect
pads of the first and second rows.

[0028] in the examples herein, the method may further include forming at
least one contact seat into at least one interconnect pad of the first row of
interconnect pads. Further, the method may further include defining a number
of electrical traces on a second side of the monolithic substrate electrically
coupling a die to the first and second sets of vias. In one example, the number
of electrical traces may be defined using a laser direct structuring {(LDS)
process.

16029] As used in the present specification and in the appended claims,
the term “a number of’ or similar language 1s meant {0 be understood broadly as
any positive number comprising 1 to infinity; zero not being a number, but the
absence of a number.

160307 in the following description, for purposes of explanation, numerous
specific details are set forth in order o provide a thorough understanding of the
present systems and methods. it will be apparent, however, to one skilled in the
art that the present apparatus, systems, and methods may be practiced without
these specific details. Reference in the specification to “an exampie” or similar
language means that a particular feature, structure, or characteristic described
in connection with that example is included as described, but may or may not be
included in other exampies.

100311 Turning now to the figures, Fig. 1 is a front, perspective view of a
first volume cassette (100), according 1o one exampie of the principles
described herein. Further, Fig. 2 is a back, perspective view of the first volume
cassette (100) of Fig. 1, according to one example of the principles described
herein. The first volume cassette (100) may include a substrate (101). Inone
example, the substrate (101) may be made of a thermoplastic material. A

resarvoir (102) with a fluid aperture {103} defined in thea reservoir (102). The
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fluid aperture (103) allows for an assay fluid to move from one side of the
substrate (101} to another. The substrate {101) may include a handle (150) to
allow a user to touch, pick up, and move the cassette (100) without
contaminating the reservoir (102} or an assay fluid deposited therein.

16032] A die (104) may be coupled to the substrate {(101) on an opposite
side of the reservoir (102) and in line with the fluid aperture (103). Inone
example, the die (104) may be, for example, a microelectromechanical system
(MEMs). In another example, the die may be a fluid gjection device.

160331 The reservoir (101) is fluidically coupled o the die {(104) by the
fiuid aperture (103) so that the assay fluid may be introduced to the die (104) o
allow the die (104} to gject the assay fluid into a number of the wells of the well
plate as instructed by an assay fluid dispensing system.

10034} A number of electrical components are includead on the front and
back surfaces of the substrate (101). The electrical components may be made
of any electrically conductive material to allow for electrical signals {0 be sent
between the assay fluid dispensing system and the die (104). For example, a
number of contact pads (105-1, 105-2, 105-3, 105-4, 105-5, 105-6, 105-7, 105-
8, 105-9, 105-10, collectively referred to herein as 105) may be included on the
front surface of the substrate (101). The contact pads (105) provide for an
electrically conducive interface between the assay fluid dispensing system and
the cassette (100).

[0035] A number of vias (108-1, 106-2, 106-3, 106-4, 106-5, 108-6, 106-
7, 106-8, 106-9, 106-10, coliectively referred o herein as 106) may be formed in
the substrate (101) and electrically coupled {o the contact pads (105). The vias
{106) may be any elecirical connection that goes through the substrate (101)
and couples the conneaction pads (103) to a number of electrical components on
the opposite side of the substrate (101).

[6038] A depicted in Fig. 2, the vias (108) are coupled on the opposite
side of the subsirate (101) to a number of traces (107-1, 107-2, 107-3, 1074,
107-5, 107-6, 107-7, 107-8, 107-9, 107-10, collectively referred to herein as
107). The traces (107) may be coupled to the die (104) using a number of
wirebonds (108) coupled between a number of die pads (108) of the die (104).
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Although one wirebond (108) coupled between a trace (107} and a die pad
(109} 1s depicted in the figures, any number of wirebonds (108) may be used o
electrically couple the die (104) to an assay fluid dispensing system {o allow
control signals for controlling the die (104) to run from the assay fluid dispensing
wirebonds (108), 1o the die pads (109) of the die (104).

100371 Fig. 3 is a front, perspective view of a second volume cassette

system, through the contact pads (105), the vias {106), the traces (107), and the

(200}, according to one example of the principles described herein. Further,
Fig. 4 is a back, perspective view of the second volume cassette (200) of Fig. 3,
according to one example of the principles described herein. The second
volume cassette (200) includes slements identical to the first volume cassette
(100} except for the volume of fluid that may be introduced into the reservoir
(102). The reservoir (102) in the example of Figs. 1 and 2, may be relativaly
smaller than the reservoir (102) in the example of Figs. 3and 4. Inone
example, the reservoir (102} of Figs. 1 and 2 may be sized to contain
approximately 20 microliters of fluid, while the reservoir (102) of Figs. 3 and 4
may be sized to contain a fluid volume greater than 20 mucroliters.

[6038] In one example, the electrical components of the examples of the
first volume cassetie (100) and the second volume cassette (200) including the
cortact pads (105), the vias (106), the traces (107), and the wirebonds (108)
may be formed using a laser direct structuring (LDS) process. An LDS process
uses a thermoplastic material, doped with a non-conductive, metallic, inorganic
compound activated by a laser. In this example, the substrate (101) may be
formed through injection molding. A laser may then write the course of a
nuimber of electrical components to be formed on the thermoplastic matenal.
Where the substrate (101) is exposed {0 the electromagnetic radiation provided
by laser, the metal additive forms a micro-rough track. The metal particles of
this track form the nuclei for a subsequent metallization process. The laser-
exposed substrate (101) may be placed in an electroless copper bath, and the
various conductor path layers of the electrical components arise at those
portions of the substrate (101) exposed o the electromagnetic radiation of the

laser. Any number of successive layers of metals such as copper, nickel and
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gold may be deposited on the portions of the substraie (101) exposed to the
electromagnetic radiation of the laser. LDS processes allow for the precise,
computer-aided formation of the electrical components on the surfaces of the
substrate (101).

16039] In another example, the elecirical components of the examples of
the first volume cassette (100) and the second volume cassette (200) including
the contact pads (105), the vias (1006}, the traces (107), and the wirebonds (108)
may be formed may be formed using a deposition process where a conductive
material is deposited on the substrate (101). in this example, the conductive
material may be deposited using, for example, a three-dimensional (3D} printing
device.

10040] With reference now o the examples of Figs. 1 through 4 of the first
volume cassette (100) and the second volume cassette (200), the contact pads
{(105) may be laid out on the front surface of the substrate (101) in two rows
(115, 1168} with a first set of contact pads (105-1, 105-2, 105-3, 105-4, 105-5)
being included in a first row {115) and a seconds set of contact pads (105-6,
105-7, 105-8, 105-9, 105-10) being included in a second row (116). This
arrangement of the contact pads (105) allows for the cassette {0 be smaller in
size while still providing for a large number of interfaces.

10041} The vias (106) of Figs. 1 through 4 may be arranged such that the
vias (106-1, 106-2, 106-3, 106-4, 106-5) coupled o the first row {115} of contact
pads (105-1, 105-2, 105-3, 105-4, 105-5) are located on an side of their
respective contact pads {(105-1, 105-2, 105-3, 105-4, 105-5) that is furthest
away from the contact pads (105-8, 105-7, 105-8, 105-8, 105-10) included in the
second row (116), and the vias (106-6, 106-7, 106-8, 106-8, 106-10) coupled to
the second row (118) of contact pads (105-6, 105-7, 105-8, 105-9, 105-10) are
located on an side of their respective contact pads (105-6, 105-7, 105-8, 105-9,
105-10) that is furthest away from the contact pads (105-1, 105-2, 105-3, 105-4,
105-5) included in the first row (115).

[0042] Further, the vias (106-1, 106-2, 106-3, 106-4, 106-5) are coupled
to the first row (115) of contact pads (105-1, 105-2, 105-3, 105-4, 105-5) using a
respective offsetting trace (1101, 110-2, 110-3, 1104, 110-5, collectively

10
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referred to herein as 110). The offsetling traces {110) of Figs. 1 through 4
cause the vias (106-1, 106-2, 106-3, 106-4, 106-5) of the first row (115) of
cortact pads (105-1, 105-2, 105-3, 105-4, 105-5) {0 be Iaterally offset with
respect to the vias (106-6, 106-7, 106-8, 106-9, 106-10) of the second row {116}
of contact pads (105-6, 105-7, 105-8, 105-9, 105-10). This offset layout is
depicted in Figs. 5-8. Fig. 5 is a front, plan view of the first volume cassette
(100) of Fig. 1, according to one example of the principles described heregin,
Further, Fig. 6, is a froni, plan view of the first volume cassetie {(100) of Fig. 1 as
viewed in circle A of Fig. 5, according to one example of the principles described
herein. Still further, Fig. 7 is a back, plan view of the first volume cassette (100)
of Fig. 1, according to one example of the principles described herein. Still
further, Fig. 8 is a back, plan view of the first volume cassetie (100) of Fig. 1 as
viewed in circle B of Fig. 7, according {0 one example of the principles described
herein. Even though the first volume cassetie (100} is used in describing the
offset layout of the vias (106), the second volume cassette (200) and its
electrical component layout may be described in an identical manner. For
convenience in understanding the offset layout of the vias (106) in the rows
(115, 116), some reference numbers have been omitted. However, the reader
may readily identify the various elements within the cassetles (100, 200)
through reference to other figures including Figs. 1 through 4.

[0043] As depicted in Figs. 5 and 6, the vias (106-1, 106-2, 106-3, 106-4,
106-5) are coupled to the first row (115) of contact pads (105-1, 105-2, 105-3,
105-4, 105-5) using a respective offsetting frace (1101, 110-2, 110-3, 110-4,
110-5, collectively referred to herein as 110). The offsetling traces (110) of
Figs. 1 through 4 cause the vias (106-1, 106-2, 108-3, 106-4, 106-5) of the first
row {(115) of contact pads (105-1, 105-2, 105-3, 105-4, 105-5) to be laterally
offset with respect to the vias (106-6, 106-7, 106-8, 106-9, 106-10) of the
second row (1186) of contact pads (105-8, 105-7, 105-8, 105-9, 105-10). As
depicted in circle A of Figs. 4 and 5, the offset traces (110) are angled with
respect 1o the alignment of the contact pads (105) and the vias (106-6, 106-7,
106-8, 106-9, 106-10) of the second row (118} as indicated by lines 117. Thus,

11
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the offset may be defined by distance D from lines 117. More regarding the
distance D and its function is described herein.

[0044] Further, with respect to Figs. 1 through 8, and specifically figs. 7
and 8, because the vias (106-1, 106-2, 106-3, 106-4, 106-5) coupled to the first
row {115) of contact pads (105-1, 105-2, 105-3, 105-4, 105-5) using their
respective offsetling traces (110}, a similar offset layout is reflected on an
opposite side of the substrate (100) in the layout of the traces (107). Each via
(108) in a first row (125) of vias {(106-1, 106-2, 106-3, 106-4, 106-5) is offset with
respect to each via (108) in a second row (126) of vias (106-6, 106-7, 106-8,
106-8, 106-10). Further, due o the offsetting of the vias (106), their respective
traces (107) are also offset. In this manner, the layout of the contact pads
(105), vias (106), and traces {(107) allows for space on the substrate (101) for all
these devices.

[0045] Fig. 9 is a perspective view of the first volume cassetie (100) of
Fig. 1 interfaced with a printed circuit assembly (PCA) (803) of a cassetie
interface (801) of an assay fluid dispenser driver (800), according io one
example of the principles described herein. Although the first volume cassette
(100) is depicted in Fig. 9, the cassette (200) of Figs. 3 and 4 may also function
and be utilized in a similar manner. In one example, the cassette (100, 200)
may interface with the PCA (803}, a cassette interface (902), and the assay fluid
dispenser driver (900} by inserting the cassette (100, 200) along a number of
alignment surfaces or registers of the assay fluid dispenser driver (800} in the
direction of arrow (2904). In another example, the PCA (903) and/or the cassstie
(100, 200) may move in the directions indicated by arrow (914) to interface the
cassette (100, 200) with the PCA (803). In this exampile, the cassette (100,
200) may be placed in a station of the assay fluid dispenser driver (800), and
the assay fluid dispenser driver (900) moves the PCA (803) onto the casselte
{100, 200} in the direction of arrow (814) until contact between the PCA (803}
and the contact pads (105) of the cassette (100, 200) is achieved. In still
ancther example, a combination of inserting a cassette (100, 200} along a
number of alignment surfaces of the assay fluid dispenser driver (900) in the
direction of arrow (904) and the movement PCA (803) and/or the cassette (100,
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200} in the directions indicated by arrow (814) may be used to interface the
cassette (100, 200) with the PCA (803).

[06486] The PCA (803) may include a number of pogo connectors (305)
that electrically couple the contact pads (105) formed on the cassette (100, 200)
to the PCA {903). The poge connectors (805) may be any device used in
glectronics 1o establish a connection between the contact pads {105) formed on
the cassette (100, 200) and the PCA (903), and may include two, nested,
spring-loaded pins. In one example, the PCA (203) may include an equal
number of pogo connectors (805) as there are contact pads (105) formed on the
cassette (100, 200). In another example, the PCA (803) may include more or
fewer pogo connectors {805) as there are contact pads (105) formed on the
cassette (100, 200). in these examples, the pogo connectors (805) may be
arranged on the PCA (803) such that they align with the contact pads (105)
when the cassette (100, 200) is interfaced with the PCA (803).

160471 in one example, a number of detents or contact seats (Figs. 1, 3,
5 6, and 9, 111) may be defined in a surface of the contact pads (105). These
detents (111) interface with the pogo conneciors (805) as the cassette (100,
200} is interfaced with the PCA (803). One the pogo connectors (805) enter the
detents (1171), the cassetie (100, 200) is removably coupled to the PCA {903).
Removal of the cassetie (100, 200) may be performed by overcoming the
pressure applied o the cassette (100, 200) by the spring-lcaded pogo
connectors (805), causing the pogo comnectors (905) to contract and moving
the pogo connectors (905) out of the detents (111).

[0048] Turning again to Figs. 5 and 6, along with Fig. 9, in one example
where the cassette (100, 200} is interfaced with the PCA (803} by inserting the
cassette (100, 200) along a number of alignment surfaces of the assay fluid
dispenser driver (800) in the direction of arrow (804), the pogo connectors (805)
are dragged across the top of the substrate (101} and across the contact pads
(105). This at least partially due {o the spring bias of the pogo connectors (805).
As the cassette (100, 200) is inserted into a coupling arrangement with the PCA
(903), the frictional force applied by the pogo connectors (905} being dragged

H

across the top of the substrate (101) may damage electrical conneactions formed
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on the cassetie (100, 200). The drag path of the pogo conneciors (905) is
identified by lines (117) of Fig. 6. Dragging the pogo connectors (805) across
electrical elements such as vias {106) and traces (107) may compromise the
glectrical connectivity integrity of these elements due to any damage the friction
from the pogo connectors (805) may cause. Thus, the offset traces (110)
formed on the cassetie (100, 200) and electrically coupled to the contact pads
(105-1, 105-2, 105-3, 105-4, 105-5) on the first row (118) eliminate the
possibility that the pogo connectors (905) may damage, for example, vias (106-
1, 106-2, 106-3, 106-4, 108-5) that may otherwise be placed in line with lines
(117). H, for example, the vias (106) were formed in line with lines (117), the
pogo connectors (803) would be dragged across those vias {(106-1, 106-2, 106~
3, 106-4, 106-5) during the insertion of the cassette (100, 200), and this friction-
causing movement may damage the vias (106-1, 108-2, 106-3, 106-4, 106-8).
in this manner, the offset traces {110) eliminale the possibility that the pogo
connectors (805) may damage the vias (106-1, 106-2, 106-3, 106-4, 106-3).
100491 Further, the offset traces (110) run diagonally from the contact
pads (105-1, 105-2, 105-3, 105-4, 105-8) of the first row (115) to the vias (106-
1, 106-2, 106-3, 106-4, 106-5) such that they too are not in line with the lines
{117} along which the pogo connectors (S05) travel. In this manner, the
diagonal layout of the offset traces (110) eliminate damage to the thin offset
traces {(110).

160501 As depicted throughout the figures, the vias (106-6, 106-7, 106-8,
106-8, 106-10) of the second row (118) coupled to the contact pads (105-5,
105-7, 105-8, 105-8, 105-10) are located at a position past the contact pads
(105-6, 105-7, 105-8, 105-8, 105-10) and a distance of travel of the cassetlte
(100, 200) within the assay fluid dispenser driver {S00). In this position, the vias
(106-6, 106-7, 106-8, 106-9, 106-10) will never be subjected to frictional contact
by the pogo connectors (805) since they are beyond the reach of the travel
distance of the pogo connectors (905) along the surface of the cassette (100,
200).

[6051] Further, each contact pad (105) may be logically assigned by, for

example, the assay fluid dispenser driver (800} or some other controller such
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that each contact pad (105) is coupled through the contact pads {105), vias

(106}, traces (108), and wirebonds (108), to a respective one of the die pads

(109) of the die (104). For example, the contact pad assignment may include

the following:

Contact Pad Assignment

105-1 Ground and/or an Assignable
105-2 Data

105-3 Clock

105-4 Fire

105-5 Assignable

105-6 Assignable

105-7 Voo (source voltage)

105-8 Ground

105-9 Thermal Sense Resistor (TSR)
105-10 Ground and/or an Assignable

Tabie 1. Contact Pad Assignment

The above coniact pad assignment is an example, and other contact pad
assignments may be made. In order to prevent or eliminate the possibility of
damage to the electrical components of the assay fiuid dispenser driver {900)
the PCA (803}, the cassette (100, 200), the die (104), any other electrical or

glectronic component, or combinations thereof, the contact pads assignmenis

H

are arranged to ensure that a high voltage pogo connectors {(903) is not
dragged across any of the contact pads (105-1, 105-2, 105-3, 105-4, 105-5) in
the first row {115). For example, the Fire contact pad (105-4} is located on the
first row (115). In this location, the high voltage of the Fire contact pad (105-4)
is coupled to the cassetie (100, 200) as the last or one of the last contacts made
between the cassetie (100, 200) and the pogo comnectors (905) of the PCA
(903). Thus, the order of contact and assignment of the contact pads (105} is
managed such that before, during, or after operation or powering of the PCA

(203), no damage occurs 1o any electrical components of the cassetie (100,
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200), assay fluid dispenser driver (800), PCA (803), die (104), any other
glectrical or electronic component, or combinations thereof. Assignment of the
cortact pads (105} in this manner ensures that the assay process is periormed
without compromise to the assay run and the underlying reactions, and providas
for a more economically reliable system.

10052} Fig. 10 is a front plan view of a cassette (1000) including a plurality
of dispense head assemblies (1001), according to one example of the principles
described herein. Each of the dispense head assemblies (1001) may include
the substrate (101), reservoir (102), fluid aperture (103), die (104), contact pads
(105), vias (106), traces (107), wirebonds {108), die pads (108), offset fraces
(110}, detents (111), and other elements as described above. In the example
shown in Fig. 10, the dispense head assemblies (1001) are mounted onto a
frame (1005). In an example, the dispense head assemblies (1001) may be
mechanically coupled to the frame (1005) by, for example, a welding processes,
a chemical bonding process, or by a number of fasteners. In an example, the
frame (1005) forms the substrate (101) of each dispense head assemblies
(1001} such that each of the dispense head assembilies (1001) are formed into
a single monolithic frame (1005).

[6053] Fig. 11 is a block diagram of a system {1100} for gjecting a fluid
into an assay {1110}, according to one example of the principles described
herein. The system may include a printed circuit assembly (PCA) (8031). The
PCA (903) may include at least one pogo connector (908), and at least one
dispense head (1001). The at least one dispense head (1001) may include a
substrate (101), a die (104) coupled {o the substrate {(101), and an electrical
interconnection pad layout (1101) formed on a first side of the substrate (101).
The electrical interconnection pad layout {1101) may include a first row (118) of
interconneact pads (105) including at least one interconnect pad (105). kEach
interconnact pad {105} of the first row (116) of interconnect pads {(105) may be
electrically coupled to one of a first set (126) of vias (106). The electrical
interconnection pad layout (1101) may include a second row {115) of
interconnect pads (105) comprising at least one interconnect pad (105). Each

interconnact pad {105) of the second row (115) of interconnect pads (105) may
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be electrically coupled to one of a second set (125) of vias (106). The second
set (128) of vias (108) electrically coupled o the second row {(115) of
interconnect pads are offset relative to an alignment of the interconnect pads
(105) of the first and second rows {115, 1186).

[6054] In one exampile, at least one of the interconnect pads (105) of the
second row (115) of interconnect pads (105} may include a fire interconnect
pad. Further, in one example, at least one of the interconnect pads {(105) of the
first row (116} of interconnect pads (105) may include a contact seat {(111)
defined therein. The contact seat (111) allows for the seating of at least one of
the pogo connectors (905) therein when the at least one dispense head (1001)
interfaces with the PCA (803).

10055] In one exampie, the first row (116) of interconnect pads (105) may
include at least a ground interconnect pad, a source voliage interconnect pad,
and a thermal sense resistor (TSR) interconnect pad. Further, in one example,
the second row {115) of interconnect pads (105) may include at least a fire
interconnect pad, a clock interconnect pad, and a data interconnect pad.

10058} The PCA (903) interfaces with the electrical interconnection pad
layout (1101) of the at least one dispense head (1001) by sliding the at least
one pogo connector (805) over the second row (115) of interconnect pads (105)
and electrically coupling the at least one pogo connector (105) o at least one
interconnect pad {105} of the first row (118) of interconnect pads (105). The
PCA (903) interfaces with the electrical interconnection pad layout (1101) of the
at least one dispense head (1001) by dropping the at least one pogo connector
(90%) onto at least one interconnect pad (105) in the first or second rows (115,
116} of interconnect pads (105) in a direction perpendicular {o a plane formed
by the electrical interconnection pad layout (1101).

10057} Fig. 12 is a block diagram of a system (1200} for gjecting a fluid
into an assay {1210}, according to ong example of the principles described
herein. The system (1200) includes an assay controlling device {1205}, a
cassetle (100, 200) as described above, and an assay plate (1210). Although
the first volume cassette (100) is depicted in Fig. 11, either the second volume

cassette (200), or combinations of the first volume cassetie (100) and second
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volume cassette (200) with a frame (1005) may be included in the sysiem
(1200).

10058] The cassette (100, 200) may include, at least, the substrate (101),
reservoir (102}, fluid aperture (103), die (104), contact pads {105}, vias {(1086),
traces (107), wirebonds (108), die pads (109), offset iraces (120), and other
glements as described above. Although the cassetie (100, 200) shown in Fig.
12 does or does not include certain elements as described herein, each of the
elements associated with the cassetie (100, 200) may or may not be included.
In order to achieve these different examples, the physical properties of the
cassette (100, 200) may be changed. For example, where the cassette (100,
200) does not comprise the vias (106) as described above, the traces (107) and
cortact pads (105) may be included on a single side of the cassette (100, 200)
such that the PCA (903) contacts the cassette (100, 200) via the back side of
the cassette (100, 200) instead of the front.

(60591 The assay plate (1210) may be any plate that receives a fluid
gjected from the die (104). The assay plate (1210) may include a number of
wells into which the fluid may be gjected. The assay plate (1210) may further
include a structure to which the assay controlling device {1205) may interact
with the assay plate (1210) to move the assay plate (1210) relative (o the die
(104} of the cassetie (100, 200). The assay controliing device (1205) may be
utiized in any data processing scenario including, stand-alone hardware, mobile
applications, through a computing network, or combinations thereof. Further,
the assay controlling device {(1205) may be used in a computing network, a
public cloud network, a private cloud network, a hybrid cloud network, other
forms of networks, or combinations thereof. To achieve its desired functionality,
assay controliing device {(1203) comprises various hardware components.
Among these hardware components may be a number of controllers (1215), a
number of data storage devicas (1240), a number of peripheral device adapters
(1225), and a number of network adapters (1230). These hardware
componants may be interconnected through the use of a number of busses

(1260} and/or network connections. In one example, the controllers (1215),
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data storage devices (1240), peripheral device adapters {1225}, and network
adapters (1230) may be communicatively coupled via a bus (1260).

100607 The controllers {1215) may include the hardware architecture to
retrieve executable code from the data storage devices (1240) and exacute the
executable code. The executable code may, when executed by the conirollers
(1215}, cause the conirollers (1215) to implement at least the functionality of
sending signals to the die (104) of the cassette (100, 200) and ¢ject an amount
of fluid into an assay plate (1210) according to the methods of the present
specification described herein. In the course of executing code, the controllers
(1215} may receive input from and provide output 10 a number of the remaining
hardware units.

0061} The data storage devices (1240) may store data such as
executable program code that is executed by the controllers (1213) or other
processing device. As will be discussed, the data storage devices (1240) may
specifically store computer code representing a number of applications that the
cortrolier {1215) execuies o implement at least the functionalily described
herein.

[6062] The data storage devices (1240) may include various types of
memaory modules, including volatile and nonvolatile memory. For example, the
data storage devices {1240) of the present example includes Random Access
Memory (RAM) (1245), Read Only Memory (ROM) (1250), and Hard Disk Drive
(HDD) memory (1255). Many other types of memory may also be utilized, and
the present specification contemplates the use of many varying type(s) of
memory in the data storage devices (1240) as may suit a particular application
of the principles described herein. In certain examples, different types of
memory in the data storage devices (1240) may be used for different data
storage purposes. For example, in certain examples the controllers (1215) may
boot from Read Only Memory (ROM) (1250}, maintain nonvolatile storage in the
Hard Disk Drive (HDD) memory (108), and execute program code stored in
Random Access Memory (RAM) (12458).

[6063] The data storage devices (1240} may comprise a computer

readable medium, a computer readable storage medium, or a non-transitory

19



WO 2018/144018 PCT/US2017/016514

computer readable medium, among others. For example, the data storage
devices {1240} may be, but not limited to, an electronic, magnetic, optical,
electromagnetic, infrared, or semiconductior system, apparatus, or device, or
any suitable combination of the foregoing. More specific examples of the
computer readable storage medium may include, for example, the following: an
glectrical connection having a number of wires, a portable computer diskette, a
hard disk, a random-access memory (RAM), a read-only memory (ROM), an
erasable programmable read-only memory (EPROM or Flash memory), a
portable compact disc read-only memory {(CD-ROM), an optical storage device,
a magnetic storage device, or any suilable combination of the foregoing. inthe
cortext of this document, a computer readable storage meadium may be any
tangible medium that may contain, or store computer usable program code for
use by or in connection with an instruction execution system, apparatus, or
device. in ancther example, a computer readable storage medium may be any
non-transitory medium that may contain, or store a program for use by or in
cormnection with an instruction execution system, apparaius, or device.

10064} The hardware adapters (1225, 1130) in the assay controlling
device {1205) enable the controliers {1215} to interface with various other
hardware elements, external and internal to the assay controlling device (1205).
For example, the peripheral device adapters (1225) may provide an interface o
input/output devices, such as, for example, a display device, a mouse, or a
keyboard. The peripheral davice adapters (1225) may also provide access to
other external devices such as an external storage device, a number of network
devices such as, for example, servers, switches, and routers, client devices,
other types of computing devices, and combinations thereof.

100651 The display device {(123%) may be provided to allow a user of the
assay controlliing device {1205} to interact with and implement the functionality
of the assay controlling device (1205). The peripheral device adapters (1225)
may also create an interface between the controllers (1215) and the display
device (1235), a printer, or other media ocutput devices. The network adapter

(1230} may provide an interface to other computing devices within, for exampie,
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a network, thereby enabling the transmission of data between the assay
controlling device {1205} and other devices located within the network.

10066} The assay controlling device (1205) may, when executed by the
controllers (1215), display the number of graphical user interfaces (GUls) on the
display device {1235) associated with the executable program code
representing the number of applications stored on the data storage devices
(1240). Examples of display devices {1235) include a computer screen, a
laptop screen, a mobile device screen, a personal digital assistant (PDA)
screen, and a tablet screen, among other display devices (1235). Examples of
the GUls displayed on the display device (1235}, will be described in more detail
below.

10067 The assay controlling device (1205} further comprises a number of
modules used in the implementation of the methods described herein. The
various modules within the assay controlling device (1205) comprise executable
program code that may be executed separately. In this example, the various
modules may be stored as separate computer program products. In another
example, the various modules within the assay controlling device (1205) may be
combined within a number of computer program products; each computer
program product comprising a number of the modules.

10068} Fig. 13 is a flow chart depicting a method of forming a cassette,
according to another exampie of the principles described herein. The method of
Fig. 13 may begin by forming (block 1301) a monolithic substrate (101). An
glectrical interconnection pad layout (1101} may be formed (block 1302) on a
first side of the monolithic substrate (101). The electrical interconnection pad
fayout (1101) may be formed (block 1302) by forming (block 1303) a first row
(116) of interconnect pads including at least one interconnect pad (105), where
gach interconnect pad (105) of the first row {116} of interconnect pads (105)
being slectrically couplad {o one of a first set (126} of vias (106). Further, the
electrical interconnection pad layout (1101) may be formed (block 1302) by
forming {block 1304) a second row {115) of interconnection pads (105) inciuding
at least one interconnect pad {105), where each interconnect pad (105) of the

second row (115) of interconnect pads (105) is elecirically coupled 1o one of a
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second set {(125) of vias {(106). Further, the electrical interconnection pad layout
{1101} may be formed (block 1302) by offsetting (block 1305) the second set
(125} of vias (106) electrically coupling to the second row (115) of interconnect
pads (105) relative to an alignment of the interconnect pads (105) of the first
and second rows {115, 116).

10069} The method of Fig. 13 may further include forming at least one
cortact seat (111) into at least one interconnect pad {(105) of the first row (116)
of interconnect pads (105). Further, the method of Fig. 13 may further inciude
defining a number of electrical traces (107) on a second side of the monolithic
substrate (101) electrically coupling a die (104) to the Tirst and second sets (125,
126) of vias (106). In one example, the number of electrical traces (107) may
be defined using a laser direct structuring (LDS) process.

10070} Aspects of the present system and method are describad herein
with reference to flowchart illustrations and/or block diagrams of methods,
apparatus (systems) and computer program products according (o examples of
the principles described herein. Each block of the flowchart Hlustrations and
block diagrams, and combinations of blocks in the flowchart illustrations and
block diagrams, may be implemented by computer usable program code. The
computer usable program code may be provided to a processor of a general-
purpose computer, special purpose computer, or other programmable data
processing apparatus to produce a machine, such that the computer usable
program code, when executed vig, for example, the controlier (1215} of the
assay controliing device {1205} or other programmable data processing
apparatus, implement the functions or acts specified in the flowchart and/or
block diagram block or blocks. In one example, the computer usable program
code may be embodied within a computer readable storage medium; the
computer readable storage medium being part of the computer program
product. In one example, the computer readable storage medium is a non-
transitory computer readable medium.

10071} The specification and figures describe a cassetie and associated
methods of forming the cassette. The cassette may include a substraie, a die

coupled {o the substrate, and an electrical interconnection pad layout formed on
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a first side of the substrate. The elecirical interconnection pad layout may
include a first row of interconnect pads including at least one interconnect pad.
Each interconnect pad of the first row of inferconnect pads may be electrically
coupled to one of a first set of vias. The elactrical interconnection pad layout
may also include a second row of interconnection pads including at least one
interconnect pad. Each interconnect pad of the second row of interconnect
pads being electrically coupled to one of a second set of vias. The second set
of vias electrically coupled to the second row of interconnect pads are offset
relative to an alignment of the interconnect pads of the first and second rows.
16072} The preceding description has been presented to illustrate and
describe examples of the principles described. This description is not intended
to be exhaustive or to limit these principles to any precise form disclosed. Many

maodifications and variations are possible in light of the above teaching.
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CLAIMS

WHAT IS CLAIMED 15!

1. A cassette comprising:

a substrate;

a die coupled to the substrate; and

an electrical interconnection pad layout formed on a first side of the
substrate comprising:

a first row of interconnect pads comprising at least one
interconnect pad, each interconnect pad of the first row of interconnect
pads being electrically coupled to one of a first set of vias; and

a second row of interconnection pads comprising at least one
interconnect pad, each interconnect pad of the second row of
interconnect pads being electrically coupled to one of a second set of
vias,
wherein the second set of vias slectrically coupled to the second row of

interconnect pads are offset relative to an alignment of the interconnect pads of

the first and second rows.

2. The cassette of claim 1, further comprising a number of electrical traces
formed on a second side of the substrate, whersin the first and second sets of
vias electrically couple the electrical interconnection pad layout (o the electrical
traces, and wherein the offset of the second set of vias electrically coupled to
the second row of interconnect pads creates an offset of the electrical traces

formed on a second side of the substrate.
3. The cassette of claim 1, wherein at least one of the interconnect pads of

the first row of interconnect pads comprises a contact seat defined therein, the

contact seat to allow for the seating of a pogo connection.
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4. The cassetie of claim 1, wherein at least one of the interconnect pads of

the second row of interconnect pads compriseas a fire interconnect pad.

5. A system for gjecting a fluid into an assay comprising:
a printed circuit assembly (PCA) comprising:
at least one pogo conneclor; and
at least one dispense head, the at least one dispense head comprising:
a substrate;
a die coupled to the substrate; and
an electrical interconnection pad layout formed on a first side of
the substrate comprising:

a first row of interconnect pads comprising at least one
interconneact pad, each interconnect pad of the first row of
interconnect pads being electrically coupled to one of a first set of
vias: and

a second row of interconnection pads comprising at least
one interconnact pad, each interconnect pad of the second row of
interconnect pads being electrically coupled to one of a second set
of vias,

wherein the second set of vias electrically coupled o the second row of
interconnect pads are offset relative to an alignment of the interconnect pads of

the first and second rows.

6. The system of claim 5, wherein at least one of the interconnect pads of

the second row of interconnect pads comprises a fire interconnect pad.

7. The system of claim 5, wherein at least one of the interconnect pads of
the first row of interconnect pads comprisas a contact seat defined therein, the
cortact seat to allow for the sealing of the at least one pogo connector therein

when the at least one dispense head interfaces with the PCA.
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8. The system of claim 5, wherein the first row of interconnect pads
comprises at least a ground interconnect pad, a source voltage interconnect

pad, and a thermal sense resistor {TSR) interconnect pad.

9. The system of claim 8, wherein the second row of interconnect pads
comprise at least a fire interconnect pad, a clock interconnect pad, and a data

interconnect pad.

10.  The system of claim 5, wherein the PCA interfaces with the electrical
interconneaction pad layout of the at least one dispense head by sliding the at
least one pogo connector over the second row of interconnect pads and
electrically coupling the at least one pogo connector {0 at least one interconnect

pad of the first row of interconnect pads.

11.  The system of claim &, wherein the PCA interfaces with the electrical
interconnection pad layout of the at least one dispense head by dropping the at
least one pogo conneactor onto at least one interconnect pad in the first or
second rows of interconnect pads in a direction perpendicular {0 a plane formed

by the electrical interconneaction pad layout.

12. A method of forming a cassetle comprising:

forming a monolithic substrate;

forming an electrical interconnection pad layout formed on a first side of
the monoclithic substrate by forming:

a first row of interconnect pads comprising at least one
interconnect pad, each interconnect pad of the first row of interconnect
pads being electrically coupled to one of a first set of vias; and

a second row of interconnection pads comprising at least one
interconnect pad, each interconnect pad of the second row of
intarconnect pads being electrically coupled to one of a second set of

vias; and

26



WO 2018/144018 PCT/US2017/016514

offseiting the second set of vias elecirically coupling to the second row of
interconnact pads relative to an alignmaeant of the interconnect pads of the first

and second rows.

13. The method of claim 12, further comprising forming at least one contact

seat into at least one interconnect pad of the first row of interconnect pads.
14, The method of claim 12, further comprising defining a number of
glectrical traces on a second side of the monolithic substrate electrically

coupling a die to the first and second sets of vias.

15. The method of claim 12, wherein the number of electrical traces are

defined using a laser direct structuring (LDS) process.
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